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Abstract 
The Nagaoka pilot site is located in the onshore area of Nagaoka oil field in the Niigata plane of central Honshu on 
the Japan sea side of central Japan. The selected formation was the early Pleistocene Haizume Formation. This paper 
presents the realistic modeling strategy that was applied to Nagaoka site. The CO2 reservoir zone in this site was 
described in terms of three depositional elements and eleven lithofacies. These descriptions were incorporated into 
the model at a resolution, with a cell size of 10cm high, which ensured capture of the most significant heterogeneities. 
The detailed reservoir model matched well log and core performance in this site.  
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1. Intorduction 
The Nagaoka pilot site, which is the onshore deep saline aquifer utilized for the CO2 storage project, is 
located in the onshore area of Nagaoka oil field in central Honshu of central Japan (Fig. 1). The selected 
formation was the early Pleistocene Haizeme Formation, around 60m thick and 1100m below the ground 
surface [1, 2]. To geological modeling and assess CO2 distribution, 3D seismic schemes were applied in 
the Nagaoka site. Seismic attributes analysis is a popular and important method to predict the distributions 
of reservoir rock properties such as lithofacies, porosity, and thickness. The CO2 reservoir formation (ca. 
20m thick) is divided into some independent zone layers with millimetric to decimetric laminations of 
sandstone, siltstone and mudstone, silts and sands alternate, conglomerate within sequences from metric to 
a few metrics. This paper presents the realistic modeling strategy that was applied to Nagaoka site. The 
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modeling strategy is multi steps, with first a geologically constrained generation of facies distributions, 
and second, simulations of spreading CO2 variations with the measured permeability within the facies 
distributions. Lithofacies descriptions were incorporated into the model at a resolution, which ensured 
capture of the most significant heterogeneities. The detailed reservoir model matched well log and core 
performance in this site. The detailed reservoir model and results of simulation matched the monitoring 
data from well and field more closely than the previous large scale models. 
 
 
Fig. 1. Locality of Nagaoka CCS Pilot Site 
2. Geological settings and Monitoring results 
2.1. Geological settings of Nagaoka CCS pilot site 
Based on lithologic characteristics and X-ray data from core, lithofacies relations and much of the 
heterogeneity in Nagaoka aquifer reservoirs are related to the stacking of depositional sequences. To 
investigate the challenges of the spreading CO2, a detailed reservoir heterogeneity model was set up based 
on analysis of 45 cores from IW-1. The Haizume Formation consists of predominantly sandstone, 
alternating beds of siltstone and sandstone, siltstone, sandstone-argillaceou, and granule to pebble 
conglomerate. The marine deposits and consists of numerous thin shales (siltstone to mudstone) form the 
majority of heterogeneities in Haizume Formation (Fig. 2). These results correspond to borehole images 
and find out a number of thin silt layers, which is difficult to determine by wireline logging (FMI Image; 
Fig. 2).  
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Fig. 2. Lithofacies and FMI Images of Injection well (IW-1) 
2.2. Monitoring results of Nagaoka CCS pilot site 
The temporal change of resistivity measured in OB-2 is shown Fig. 3. The red colour shows increased 
values from the baseline value. The blue colour shows decreased values from the baseline [2, 3]. After 
CO2 injection had been terminated at 554 days, the interval between 1113~1114m and 1115~1117m were 
invaded by free CO2 (Fig.3). The interval 1114~1115m slight decrease in resistivity, which was caused by 
the existence of thin siltstone. Contribution rate of CO2 injection from spinner-logging indicate that the 
CO2 injected to mainly fine to medium sandstone and granule conglomerate [4]. Heterogeneity is mainly 
controlled by the distribution of sandstones embedded in numerous alternated facies. Wave based 
deposits account for most of the reservoir units. Their frequencies and geometries are critical factors that 
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affect reservoir permeability. The CO2 reservoir formation in this site (ca. 20m thick) is divided into some
independent zone layers with millimetric to decimetric laminations of sandstone, siltstone and mudstone, 
silts and sands alternate, conglomerate within sequences from metric to a few metrics. In such a
heterogeneous formation, the connectivity of permeable rocks is clearly of major concern for predicting
of CO2 storage potential. The realistic modeling of these connectivities is thus required to plan future
developments, to understand and predict CO2 behaviors (Fig. 3).
Fig. 3. Temporal change of resistivity and in the observation well OB-2. The contribution rate of CO2 injection (%) shows to the
right [4]
3. Reservoir characterization
Well log, 3D seismic, and lithologic records was integrated by the Geological Driven Integration 
technique (GDI; [5]). The GDI is a technique for predicting distribution and change of rock properties
(e.g. thickness, porosity) directly from the seismic attributes. Usually, the lithology information can be
obtained from log or core data. In our study, however, it is difficult to get it because there are four 
available wells. Therefore, for understanding the distributions of the sandstone layers in to reservoir, the
GDI is applied in the Nagaoka Pilot Site. The reservoir has dip angle toward northeast and is located
anticlinal structure (Fig. 4). The Fig. 5 is a lithology cube showing the distribution of sand probability in 
the reservoir of the 3D seismic survey. The distribution of sandstone probability shows a heterogeneity 
deposits and indicate the deposit environment of sandstone. The Fig. 6 is a cross section of porosity from 
CMR log and core showing the layering of high porosity and downward decreasing porosity. On the
lithology cube and porosity sections, the most of the high porosity and sandstone probability zones (red
color) are observed in discontinuous distributions. This may indicate that the reservoir of Nagaoka Piloto
Site has the heterogeneity and sandstone develops in discontinuous sand body.
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Fig. 4. Cross- and seismic-sections and top surface of the reservoir aquifer model. Cross-section shows injection zone (blue layer).
Fig. 5. A lithologic cube created by applying the Geological Driven Integration (GDI). The color column shows sandstone (red) to
siltstone (blue) values.
4. CO2 migration in the injection layer of the Haizume Formation
A simulation model of a injection zone of Haizume Formation was built based on a geological model
derived from GDI analysis interpretation. The model Shown in the Fig. 6 has been used to 10 cm interval,
which ensured capture of the most significant heterogeneities. The primary permeability and porosity 
distribution is shown by wireline logging from OB-2.
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Fig. 6. Primary model of CO2 injection zone. The degree of supercritical CO2 saturation shows 0.4. 
 
Two cases with different permiability were run. The cases were run with the following model set up: 1. 
high permiability model without low permialbity siltstone layer, 2. including low permiability thin layer 
(siltstone layer). The results for the different models are shown in Fig. 7 (high) and Fig. 8 (low). When 
the CO2 injected after 6 years degree of CO2 saturation of high permiability model (Fig. 7) concentrated 
upward in injection zone. The result of low permiability model show that the CO2 reach the boundary of 
siltstone layer after 6 years. The detailed reservoir model and results of simulation matched the 
monitoring data from well and field more closely. 
 
 
Fig. 7. The degree of supercritical CO2 saturation of high permiability model without thin siltstone layer . 
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Fig. 8. Degree of supercritical CO2 saturation including low permiable layer of siltstone. The arrowed lines show concentrations of 
supercritical CO2.
5. Conclusions
The aquifer in the Nagaoka CCS pilot site typically have a consistent dip and alternation of sandstone
and siltstone with granule conglomerate. The CO2 reservoir formation (ca. 20m thick) is divided into
some independent zone layers with millimetric to decimetric laminations of sandstone, siltstone and
mudstone, silts and sands alternate, conglomerate within sequences from metric to a few metrics. The
realistic modeling strategy was applied to Nagaoka site. The modeling strategy is multi steps, with first a
geologically constrained generation of facies distributions, and second, simulations of spreading CO2
variations with the measured permeability within the facies distributions. The detailed reservoir model
and results of simulation matched the monitoring data from well and field more closely.
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